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1.0 INTRODUCTION

This final report summoarizes the results of a srudy performed for Rome Air
Development Center by HARRIS Electronic Systems Division (Harris ESD) for analysis and
definition of image terminals and configurations required to meet onticipated Department
of Defense requirements. The report is divided into four major sections and an Appendix.
Section 2.0 reviews the basic study requirements and system constraints and contains a
brief review of sonie system considerations for image terminal interaction and throughput.
It is shown that some form of data compression is required fo achieve the desired throughput.
Section 3.0 is the major technical section in which evaluation of various technologies,
equipment, and operability conditions is performed. The specific recorder/scanner candi-
dates include laser-galvanameter, cathode ray tube, drum and laser beam types. It is
concluded that terminal configurations should be based on drum and laser-galvanometer
recarder/scanner technology, depending upan the type of imogery which is to be processed
by the terminal. Section 4,0 briefly describes the main features and performance param-
eters of four terminal types. The terminal configurations are comprised of modular compo-
nents which, beginning with the least complex version, can be upgraded by adding higher
performance recorder/scanners and more processing capability. Section 5.0 describes
advanced development projects which are recommended to be performed in conjunction
with the progrom and ulso summoarizes the cost estimates for several potential network

implementotion scenarios. The final section is an appendix which discusses the current

and anticipated military communications environment in Europe.
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2.0 REQUIREMENTS AND SYSTEM CONSTRAINTS

R 2.1 System Definitions and Assumptions

The primary technical requirement of this study is to produce general speci-
fications, operational analyses and cost data for several different image terminals. The
image teminals, which are points of interfoce with an imogery transmission system, are
devices used for the receipt and/or tronsmission of electrically transmitted imagery. The
four different types of terminals evaiuated ore clossified according to their ability to
receive and/or transmit a range of image scanning densities. The “B" terminal has the
capability of transmitting und receiving imoges with the highest resolution, i,e., with

I scanning density of 2000 lines/inch ond lower. The “C" terminal receives and transmits
‘ imagery ot sconning densities of between 800 ond 1000 lines/inch and lower. The "D"
; terminal receives ond transmits between 300 and 500 lines/inch and lower whereas the

ey

“E" teminal, which we will refer to hereofter as ihe DRO ("D" Reod Only) terminal,

} receives 300 to 500 lines/inch ond lower imagery. For purposes of this study, it is
asumed that imogery received from, or transmitted to, terminals with o scan density
lower than 300 to 500 lines per inch wili be consistent with the operoting porameters {
! of the Tactical Digital Facsimile (TDF) equipment .
E Four image quality groups have been defined so thot o generclized imog» (
; quality performance characteristic can be identif:ad and associated with an imoge %
g product . é : ‘
g e Low Readability (LR): A level of image quality that is suitable for {
: § briefing aids and similar products as defined by individual users. This
% quality level, chosen to be less than 3 line pairs per millimeter, is
established to provide o quality descriptor for transmitted materials )
which can fulfill an operational requirement even at this relatively '
low resolution. Briefing quality materials would be suitable for trong=
mission by a system which operates at less than 220 lines per inch.
§ 4
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|

®  Medium Readability (MR): An image quality range af 3-6 line pairs
2 per millimeter viewed ot a distance af 18 inches with average lighting

and cantrast (physialogical limit of the average eye). An image of
g . quality greater than medium readability could be aptically magnified i
‘ ta abtain more infarmatian. An image of less than mediym readability

quality, if optically magnified, would not provide additianal informa-

i RSN

CEPE e

tian. This quality is resolvable by a scanning system aperating
between 220 and 430 lines per inch,

e  High Readability (HR): An image quality range af 6-20 |ines per milli-
meter,

O L P RN

This quality is resalvable by a scanning system aperating at (
430 ta 1400 lines per inch. i

e

TN S

Pl Quality: Pl quality is defined as an image quality range varying
from the upper bound af the "High Readability Quality" range ta the
quality of the sensing system that created the ariginal imoge. Actyal
transmitted qualities may vary throughout this range depending upon
format and mognifieatian factors; however, the informatian content of
the sensing system shall be retained s closely as possible.

Figure 2.1 compares the terminal scan density range with the image quality

ranges defined obove. A teminal of o given scon density range also includes the abi lity
ta receive and/or transmit ot lower scan densities.

Evaluatian Factors

Factors used as a basis for technical evaluatian of the
marized below:

terminal are sum-.. ]

Resalution: A factor which covers o brood range from about 3-30

cycles per millimeter. The principle aim of the study is ta configure

the terminal to provide o capabity for transmitting all types of imagery
ond graphics at the minimum acceptable quality level ta assure the
most timely dissemination of the product.
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imoge Quality ond Terminal Operating Ranges for Scan Demsity

Shades of Grey: A Factor Expressed in Bits Per Pixel - The upper limit
for the number of grey shodes discerned and reproduced by the equip-
ment is specified ot 6 bits/pixel or 64 shodes per pixel in all oreos of
the image that are not degraded by data reduction schemes. For docu-

ment tronsmission only two shades of grey are comsidered.

Data Compression/Reduction: The baseline approach uses the Redun-

dont Areo Coding (REARC) scheme which has produced data reductions
on the order of 20:1 ond grecter on the Experimental Image Compres-

sion System (EICS). The REARC concept is explained in Parogroph
3.3.
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Input/Output Factors: Each terminal will be capable of recording

and scanning opaque or transparent material and be able to record
positive or negative images. The maximum image format size is 9

inches by 13 inches, Terminals "B" and "C" shall have the capa-

bility to scan selective portions within this format .

Recording Media: Both silver halide film and dry silver paper and

film should be considered as options.,

Automatic Operation: Automated operation of the terminal should be

considered to the maximum practicable extent without compromising

reliability or producing inordinately complex or costly implementation.

Digital Interface and Temporary Storage: A factor which permits

digital input to the system processor and bulk storage of digitized

imogery for o store and forward mode of operation.

Security: A factor which assures that the terminal is compatible with
existing communications security (COMSEC) equipment and meets all

applicable TEMPEST requirements.

Militarization: A foctor to which consideration shall be given for
ruggedization of the equipment. Most terminals are assumed to be
installed in office type environments. Field deployable terminals may
be used in tactical shelters and other transportable military containers.

The cost impact of full military specification ruggedization is to be
determined.

Intercompatibility - A factor which requires that each teminal type be

able to communicate with any other teminal. Scale and format

changes should be considered .

Modularity: A factor which requires that the terminals be configured

for easy upgrading to higher capability by adding either improved or
additional modules.




o Communications interface: A factor requiring easy interface to o

variety of communication links including wire line, microwave, tropo-

spheric scatter and/or satellite communications.

e Data Rate: A factor which applies to the communication network ond
the internal terminal data rate. The terminal's, scanning, digitizing,
ond recording rate should not be the limiting factor affecting trans-
missior. time for dato rotes up to 32 kb/s, including data compression.
The "B" terminal will be configured to supply data at 1.5 mb/s but,

in this case only, without data compressian.

e Broodcast Mode: A factor which requires certain terminals to simulto-

neously transmit to more than one terminal.

® Maintenance: Terminals are to be configured for easy maintainability
by field service personnel,

o Data Processing: Several data processing techniques will be examined
and, if appropriate, the hardware will be selected from a list of stan-
dard DOD processors. : [

Although the factors listed above are adequate to perform a tup level evaly-
ation of the terminal performance, o detailed in-depth evaluation required information
on communication loading and time-criticol derands which were not avoilable during
the course of the study effort. Comsequently, the conclusions reached and the resulting
recommendations are based on certain cssumptions, most of which are token as worst-
case situations. The effect of these assumptions may be to place more severe constraints
on the hardware than is octually required. For example, it has been cssumed that the ’
overage data rate which must be sustoined by all terminals is equivolent to opercting
over a 32 kb/s link with data compression factors up to 20X, This produces an average
dota rote of 640 kb/s with instantaneous rates several times higher, thereby placing
greater demands on the processing and recording equipment than may be actually ;
required. The price for greater copability is usually higher cast. Detailed examination . |
of all system aspects will be required to determine if the conclusions reached in this |

study are consistent with enticipated terminal usage.
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2.2 Terminal Interaction

The image terminals which are evalyated in this report are configured on

the basis of certain assumptions regarding the method which may be used to initiate,

maintain, and modify transmission of the imoge. The temminal is assumed to be connected

to a fixed rate communication link; the bit rate over the link being determined by a

local oscillator located ot the transmission site. A block diagrom of the general termij-

nal components is shown in Figure 2.2. The general steps for transmitting one scan line
of data tc a recorder are identified below.

|

RECORDER
AND/OR
SCANNER

CONTROL
PROCESSOR l

—

10 DIGITAL :
DEVICE STORAGE

|

| |

I

I

1’0 o1 COMSEC
CONTROL l | [EQuiPmEnT
J 1 ' INK
Lrermivar —— e — — s — COMMUNICATION L

Figure 2.2.  General Block Diagram of Temminal




e The terminal data processor commoands the scanner ta scon o line,
encodes the data in an output buffer from which dota is clocked at
link bit rate ta the COMSEC equipment.

o The COMSEC equipment encrypts the encoded data and passes the

encrypted data to tha modem if the transmissian is to be mode over an
onalog link.

¢ The modem canverts the digital data inta a form which is suitable for

transmissian aver the analog link. For a digital link, the encrypted
data is connected directly to the link.

® The encrypted data is transmitted over the link and reconverted to its
original encrypted digital form, if required, of the receiver.

¢ The digital dota is transmitted through the COMSEC equipment which
converts it to the form of the original encoded data.

e The dota is decoded and placed into an output buffer ono line ot o
time by the data processor in the receiving terminal.

e The image recorder is commanded to step one line when the output - f
buffer is full.

®  The output buffer is emptied by transferring its contents to the image
recorder which exposes one line of imagery.

Transmission is started by synchronizing the COMSEC equipment. When the
trarsmitter is manually commanded to transmit, four setup words, such as shown in Figure
2.3, are trasmitted ot 512 bit intervals. The receiver detects the sync code and compares
odjacent words until two are found that are identical. This multiple setup word trans-
mission is used to reduce the probability of either missing the start of picture or obtaining
the wrong setup data when burst errors are encountered. The setup information includes
the scon density ot which the data is to be tronsmitted, areas of the picture which are to
be step coded, the number of bits into which the density function is quantized, ond a
flog bit identifying that the coding has been bypassed for this troremission. The data

10
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processor in the receiver uses this information ta select which recorder type (if more

than ane optian is available) is to be used and to select the line and pixel deletion or
repetition ratio. The receiving terminal would normally produce images with the same
scale foctor as on the original. The roceivinﬁ terminal aiters the recording resolution

ta mointain the some scale factor; manual intervention is required to effect a scale change.

Redundant
SYNC Transmitter area select Quontized REARCS Coding Bypassed
32 bits 2 bits 117 bits 1 bit 1 bit

Trorsmitter Setup Data Frome
e Tronsmitted 4 times at intervals of 512 bits

e Two odjocent frames must be received which compare at receiver

s

for acosptance
e Elements ore:

Sync a fixed Barker word sync to allow
detection of start of message by receiver.

Tronsmitter identifies transmitting terminal scan density.

Redundant Area Identifies in unitory code by 1-inch square oreas

st e s et s i A b SN i RN N 1 S

Select the redundant area.
Quontized Identifies the level of quantization of the
traremitted data. i

Coding Bypass  Identifies the following message o being
REARCS coded or not.

Figure 2.3. Imoge Tronsmission Setup

On completion of transmission cf the last setup word, the transmitter sends
three consecutive 30-bit sync words which identify the start of data. The 30-bit sync
word Is tronemitted once more with no intervening interval to identify stort of the first

N

o e iy




data black. If the data of this first line contains bath step and Huffman coded data,
the 30-bit sync word is inverted and repeated once again. The data is broken every
256 somples for the insertion of 11-bit step coding parity check word or o 13-bit parity

word for Huffman coding. End of line code is not provided. For the situation where the ’

scanner or data processor cannot provide data ot o rate which is fast enough to fill the
link, fill bits are inserted until the next line is ready. Each line has the 3U-bit sync
pattern repeated once for lines which contain single codes ar twice, with inversian of
the secand repetitian, far lines which have mixed codes. The first line of each 1-inch
block of copy is preceded by two consecutive transmissions of the complement of the

30-bit sync pattern. The end of picture is signalled by a repetitian of three consecutive

30~bit sync patterns. After a delay of 512 bits, the end of picture message is repeated.

The receiver accepts the decrypted data and identifies the start~af-picture

code. The data which follows is decoded and checked for pority error. Upon completion

of the decoding operation, the line of dota is transferred from the output buffer to the

recorder. At the same time, a second buffer is being filled as the data from the new line

is decoded. When the first buffer is empty, the recorder is commanded to step to the next

line and is then ready to record duta from the second buffer. Pixel deletion, repetition
ond line deletion is handled by the data processor before data is stored in the output

buffer. Line repetition is implemented by reading the buffer several times before switch- !

ing ta the next buffer.

Manual inputs are required to define scan resolutian, folerance for step
code, bypass condition, redundont areas and quontization. Scale change is achieved
by manual intervention of both transmitter ond receiver operating personnel. Manual
averride ot the receiver may be used to couse the recorder to produce an image with o

two, four or eight times expansion of scale as indicated below:

Source Temninal Recelving T eminal Scale Change

ug" Any o 1,2,4,8
“ce Any 1,24
“D" Any 1,2

12
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Thus, the "B" terminal may obtain an 8X magnification af a subelement of the frome by
transmitting at say 1600 and recording at say 200 Ipi .

2.3 Throughput Considerations

The number of bits required to represent a scanned and digitized picture,
with no coding overhead or data reduction, is given by:

N =HWQ S'__| Sw
where N is the total number of bits
H is the imoge height
W is the image width

Q is the quantization level

S'_'| is scan density in the imoge height direction

Sw is the pixel density in the image width direction

For this discussion, SH ond Sw are assumed to be equal and will be referred to as .
Consequently, the expression for bit capacity is

N=HwQs?

The number of images which can be transmitted per unit time is referred
to as the system throughput. Expressed in terms of images per hour, the throughput is given by

L. 3600L _ 36001
N HWQ s2

where L is link bit rate in bits per second.

The S~ factor nonlinearly limits throughput . Doubling the sample density
doubles the resolution of the reconstructed picture, but reduces the number of pictures
which may be transmitted per unit time by a factor of four.

&




The throughput rate (in pictures per hour) for various link bit rates,
quantizations, and image sizes are shown in Figure 2.4. Note that only 0.45 - 9 inches
x 9 inches images per hour can be transmitted over a 9.6 kb/s link when sampled at 400
lines and samples per inch and quontized to 6 bits. A minimum of 2 hours and

| 100
]
* 50
i @ 20
E x
% § 10 .
E @ DESIRED
; o 5 ImiNiMum
% - THROUGHPUT
| z RANGE
! = 2 . -
I
| § 05
+ I
| Z =
0.2
u"  o——— - [
1K 2K 5K 10K 20K 50K 100K 200K 500K 1M
LINK BIT RATE (BITS/SEC)
{
!
Figure 2.4. Image Throughput Versus Link Bit Rate f .
For Link Limited Operation (No Overheod) 1
13 minutes would be required to transmit a single image. Using
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anly Huffman DPCM coding on this imoge increases the overage throughput to 1.1

imoges per hour while a typical (101 compression) application of REARCS increases it
further to 4.5 images per hour.
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It should be remembered that the amount of data compression which can be
achieved with any type of compression technique is not a constant byt depends on mony
; factors. The actual amount of dato compression is a function of:

¥

e Iimoge size

® the size of the redundant area

the quantizotion levels in the redundant and nonredundant areas

the line and pixel deletion ratio in the redundant area

S B D AR AT SR e L S R W A B 2 YT e O o

the tolerance assignments in the step-coded region

spatial and temparal scanning spot intensity distribution

| : o the density distribution in the image

The offect of these factors is to couse the amount of dato reduction to
appear as a random voriable .

The amount of data reduction using o REARCS approach
vories

from 0.55 to 282 with 0 meon volue of 10 to 12 for most grey shade imogery. The
amount of data reduction using only a Huffman encoded DPCM opproach vories from

0.46 to 6 with a mean volue of about 3. These estimotes do not, however,

include the
nomol

system overhead bits but refer only to data associoted with the image .

Figure
2.5 shows the range over which image throughput may be

offected by different step-coding
reductian ratios. The image is assumed to be o 9 inch x 13 inch image scanned ot

400 Ipi and quantized to 6 bits per sample. |
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TECHNICAL EVALUATION
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3.0 TECHNICAL EVALUATION

In this section, the technical requirements are evaluated in terms of current and -
projected technology. in all cases, the emphasis has been placed on technology which
has been either proven in field service or which could be well developed and rellable by
the FYBO time frame. The frame of reference for evaluation is comprised of the system

definitions and assumptions summarized in Paragraph 2.1 above.

The primary emphasis in this section is the evaluation of technology and techni-
cal approaches which will meet the image scanning, transmission and recording require-
ments for the Theatre Dissemination System. Specifically, several image recording/
scanning techniques and associated input/output media are addressed in terms of their
applicubility and cost-effectiveness. The role of the data processing function is discussed
along with the effect of processing speed on the selection of specific implementation

approaches. Although the primary discussion focuses on the image producing hardware,

it is also of use to evaluate the terminal technology in terms of key operability and func-

tional parameters such as intercompatibility and modularity. The evaluation of technical |
factors leads to a general list of top-level terminal specifications which are discussed in

Section 4.0.

R

| 3.1 Image Recording and Scanning }

i This section reviews some of the basic concepts associated with image trans=

S —

mission and examines the factors which limit the full exp oitation of current image pro-

ducing technology. A complete examination of component technology associated with

image recording and scanning is beyond the scope of this study. Rather, the examination
is confined to technology or devices which in some way restricts or bounds the perfor-

mance of varlous recording and scanning equipment designs.
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Many factors must be considered for a thorough evaluation of image quality ond
a total discussion of this topic is clearly beyond the scope of this study. It is instructive,
however, to examine o few of the key image quality factors and terms and to relate these
to the somewhat arbitrary image quality ranges defined in Paragraph 2.1. The four major
characteristics of grey scale photographic imagery which enter into a description of

image quality are: 1) average density, 2) geometric fidelity, 3) resolution, and

4) contrast.

The first two factors are easily quantified in objective terms and will not be
discussed in detail here. Average density refers to the average brightness of the image
and is controlled by adjusting the overall exposure level and by selecting proper record-
ing media which will support the average and extreme values of exposure. It has been
shown that the eye has a limited range of average density which it perceives as an
appealing scene. Geometric fidelity refers to the absolute and relative location of any
point in the image. An image with high geometric fidelity corresponds very closely with
the geometry of the original object. For scanning systems, high scan density usvally
correlates with high geometric fidelity. The recording and scanning factors which

primarily determine the degree of geometric fidelity are scale factor and two-

dimensional scanning linearity .

Resolution and contrast are considered together because they are interdepen-
dent; i.e., visual resolution is dependent upon the contrast, This relationship is
expressed in terms of the Modulation (contrast) T-ansfer Function (MTF) which is defined
as the contrast in the image produced by o sinusoidal intensity distribution in the object

plane. This number is a function of the spatiai frequency, i.e., the number of

cycles per unit length of the sinusoidal object. Figure 3.1 shows a
graphical representation of the input object target and the image. The

graphical representation of a typical MTF curve is shown in Figure 3.1 (c).

It shouid be noted that MTF is only strictly defined for sinusoidal objects and

linear systems. Frequently this restriction is violated which then requires careful
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Figure 3.1. Image Spatial Frequency and MTF 4

interpretation of "MTF" response. Despite this limitation, the concept of MTF con be
quite useful. The sinusoidal limitation Is really not a iimitation at al!, since any object
s can be represented as a linear combination of sinusoidal signals by Fourier composition.
Much additionai information can be gained if the curve Is examined in its entirety.
Consider, for example, the two curves plotted in Figure 3.1 (d). Although curve A
represents a system with higher resolution than system B, the image from system B would
appear “sharper" and, therefore, better to most observers. This is because the eye

responds primarily to spatial frequencies in the lower ronge where the MTF Is greater in
system B,
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¥ i’ T - In scanning systems where the recording material is usually nonlinear, a system

MTF is not rigorausly defined; hawever, it is possible to specify the resulting modulation

| § on the output as a function af spatial frequency, even though this number is not linearly
related to the input function. Cansequently, general classification ranges such as the
readability criteria ied in this study may be useful guides which can be used to correlate

with measured perfornance values.

There is usually some confusian about the relatianship between MTF, line scan
density, spot size, etc. This can be made clear by understanding how scan line density
and spot size affect the MTF curve. In general, the MTF of a scanning system is depen-

: dent upon the scan direction: the along-scan and across-scan MTF are, in general, only
laosely coupled. Far the along=-scan directian, spot size and madulation bandwidth are

the major factors which affect MTF. It can be shown that the MTF in this directian is

et B

i given by the Fourier transform af the spot intensity distributian multiplied by the modu-

latian bondwidth (spatial frequency bandwidth) of the spot. For a given scanning system,

" Lae 20

this MTF curve can be calculated exactly. In the specific case of a Gaussian spot inten-
sity profile, the Fourier transfarm af the spot is also Gaussian and this, multiplied by the

modulation bandwidth, is the system MTF. The alang-scan MTF is therefore given by:

. MTFA/S = B(f) exp [‘(nvdoﬁ\/i(-loa)]z W

P

: - B(Vu) exp [-vzdoz /1.23 no"’)]
¢ where
| v spatial frequency in cycles/mm

d_ - spot diameter in micrometers

B(f) - system electrical response in Hz

V - scanning spot velocity in mm/s
f - electrical frequency in Hz

In the cross scan directian the situatian is more camplex. The complexity

arises from the fact that the "resolution" depends upon the relative alignment of the
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object with respect to the scanned line. In Figure 3.2 (a) we show a square-wave object

signal which is oriented as shown and is to be scanned with a spot which we assume has a

CROSS-TRACK DIRECTION
Ry g
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Figure 3.2. Image Scanning Input/Output Responses

Goaussian intensity profile in the cross-track direction. In Case |, the scan lines exactly
coincide with the square-wave object period, thus, resulting in a strong cross modulation
signal. In Case li, the same situation occurs except that the location of the scanning

center line is shifted by one-quarter of the object period. Each spot intercepts the same
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ﬁ : average area of the square-wave object resulting in no net modulation in the cross=-track
l direction. In between these two extremes are a continuous range of solutions, all of
i which might be contained in any one image transmission. It is this dependence of the
resolution on phase of the scan structure that causes the familiar banding or moire effect

common to line scan imaging systems,

There is, however, a commonly used technique which eliminates this effect at
the expense of resolution. In the previous example, one should recognize that the max-
imum resolution (in cycles/mm) is equal to one-half the scan density (in lines/mm). If
% as in Case | of Figure 3.2 (a) the spot size is increased so that the modulation is zero,
| then the modulation will always be zero at that frequency, thus, eliminating the problem.

Of course, there is some residual effect for lower spatial frequencies, but once the scan

e e

line density is about four times the spatial frequency of interest, the phase dependence

has been averaged out. The penalty for this is raduced resolution. The ratio of the
actual resol-;iion to the maximum resolution (1/2 scan line density) is historically known
{ i as the Kell factor. For Gaussian spot intensities the optimum Kell factor has been cal-
culated to be 1//2 or 0.707. In practice the value ranges from about 0.65 to 0.75.

The cross-scan MTF for Gaussian profile scanning systems is similar in form to

B e e L

the expression previously given for along-scan MTF. It is given by:

MTFC/S = exp i-[nv pK/2¢2—(103)]21
= exXp [-(UPK )2/‘ .23 (‘0-6)]

where

p - scan line density in mm and

K - Kell factor

and is valid only for Kell factors which are less than 0.75. One should note that larger
spots also reduce the MTF in the along-scan direction. In some cases the spot is pur-
posely elongated to form an elliptical scanning spor but this generally leads to perfor -

mance in which horizontal and vertical resolutions are unequal.
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Up to this point, only linear systems have been considered, however, most
recording materials exhibit nonlinear behavior. While rigorous analyses of these effects
are possible, it is perhaps more instructive to look at what happens to a linear MTF when
it undergoes a nonlinear transformation. Film nonlinearities cannot increase the system
MTF. at best they leave it unchanged. This can be illustrated by considering what
happens to the modulation at different exposure levels as depicted in Figure 3.2 (b). For
low exposure (Case 1), the exposure of the peak regions have been sacrificed to obtain
better definition in the low signal area. For a high exposure level (Case |1) the opposite
effect occurs. In between these two examples is an exposure which is a compromise such
as shown in Case lll, In many cases a means for purposely distorting or linearizing expo-

sure values is implemented to produce image enhancement.

Producing uniform grey fields may couse a different set of problems. As
previously explained, the Kell factor tends to smooth scan structure in the output image
which, assuming no other errors, would tend to produce a uniform grey field for unmodu-
lated input signals. For imaging from a digital source one has another potential source of
error called quantization noise. If the recording matetial has a useful dynamic range of
30 grey shades and 5 bit (32 steps) encoding is chosen, a nearly uniform grey area may
show structure due to the uncertainty in the least significant bit. This effect, called
false contouring, is common to all digital systems, but it is particularly distracting in
imagery work because of the human eye's ability to discriminate between two adjacent
areas of slightly different density. False contouring Is minimized by using the maximum
grey shade capability of the system - in this study we assume that 6-bit quantization is

used, thereby minimizing the effects.

We have up to now been concerned primarily with the equipment used to
produce the image. In addition to many of the controlled nonlinear equipment effects,
the recording and scanned media also produces nonlineor effects. Careful attention must
be placed an the effects of dynamic range, substrate type, image tone and granularity.
The dynamic range is the maximum to minimum range of densities that can be supported
by the material. For most imagery work, the greator the dynamic range, the better.
Substrate type is important in high quality imagery applications because it is not
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| uncommon for the substrate (film base or paper) to be of poorer surface quality tharn the
actual photosensitive emulsion. This is particulorly true for paper base materials where
the fiber structure of the paper degrades the imagery. Image tone refers to the subjec-
tive "color" of the black areas on the material. Some are indeed black, while others
may be brown or dark blue. The subjective image quality depends somewhat on this tone,
with black being generally preferred. The lost parameter, granularity, refers to the
actual grain structure of photographic emulsions. Similar in effect to paper fiber struc-
ture, these grains may degrade the image but this is usually apparent only under high

magnification,

In summary, many factors must be considered when analyzing and predicting
performance of image transmission equipment. The MTF concept is the most commonly B
used measure of system "resolution” but for detailed evaluation, the effects of nonlinear |
factors must be assessed. Concepts such as we have discussed in this section must be used
to accurately define and specify equipment and materials in detailed design exercises.
To avoid a complicated specification of image quality, it is common to group classes of
imagery into categaries which bear some general relationship to the degree of image legi-
bility or "readability." !n Paragraph 2.1 we defined four readability groups which will

be used only to aid us in our analyses of various terminal configurations.

2 S T 98 S O b 8 AN s Lt A AL,

3.1.2 Speed Considerations

The evaluation of image recording and scanning techniques requires an !
understanding of the speed limitations which are imposed by the selection of specific
devices or subassemblies. The specification which determines the instantaneous operating

speed of the recorder/scanner is that the terminal scanning, digitizing and recording rate

not be limited by equipment considerations when operating over a 32 kb/s link with data

reduction. It is also desirable to configure the terminal such that Pl quality information

can be transmitted over 1.5 Mb/s links without dota compression.

The primary factor which limits the operating speed of most image recorder/
scanners is mechanical nertia. This is particularly true for asynchronous recorder/

scanners which operate by on-demand signaling for data recording and line advence. In

=3




the most general case, such equipments operate with a triggered asynchronous line
sweeping mechanism, e.g., CRT sweep or galvanometer, and an asynchronm;s line
advance mechanism such as a stepped film transport. Obviously, a variety of methods
could be used to overcome these limitations but they generally involve aither more data
buffering capacity or more costly ond complex mechanisms to compensate for the mecha-

nism shortcomings.

The operating speed of recording and scanning technology canrot be
evaluated without also considering the scanning density of the image to be transmitted.

Figure 3.3 displays operating speed on the ordinate axis in terms of scan lines per second
10K — ‘ = ; e
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Figure 3.3. Recorder/Scanner Scan Rate Versus Scan Density

and scan density on the abscissa In pixels per inch. A "standard frame" measuring 9
inches by 9 inches and containing 64 grey shades per pixe! has been used. In order
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to arrive at some value for limitations to be placed on the scanning and transport
mechanisms, a somewhat arbitrary 80 percent duty cycle has been assigned to the
recording/scanning process. This factor is included to account for all types of processing
inefficiencies including scanner flyback time (duty cycle effects), line and frame
synchronization, and all other types of overhead. The diagonal lines on the groph
represent the three data rates which we used to evaluate equipment performance limita-
tions. The equation used to plot the diagonal lines in Figure 3.3 is:
_ LC - LC lines

R e T T S

where

R is the scan rate in lines/s
S is the scan density in lines/inch

C is the data compression factor and
L is the data rate in b/s

Three link parameters are shown on the figure which is of interast in this
study. The lower line is the one of primary interest and represents a link operating at a
data rate of 32 kb/s with an average of 20:1 data compression on the image. (Note that
lower data compression values such as 10 or 12 to one would produce a line even lower on
the graph,) The middle line represents a data link operating at 1.5 Mb/s without data

compression. The top line is the same 1.5 Mb/s wideband link but operating with a
5.5:1 data compression factor.

it Is instructive to overlay various image recording/scanning mechonisms on
this chart to determine If the technology can support the link requirements. Specifically,
we consider the limitations imposed by film transport mechanisms, galvanometer scanning
mirrors, drum and carriage recorders and finally the high performance recorders generally
referred to as "laser beam recorders" (LBR). The limits chosen for each technology should
not be considered as absolute values but rather as an attempt to set some practical limits
on the technology. In most cases, the limits which were set can be exceeded by either

more sophisticated deslgn approaches or by adding complexity (and cost) to the data
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processing function. Consequently, the boundaries established shouid be considered
nsoft" rather than "hard" and used as a guideline for pointing toward rechnology which -

is most appropriate for the terminal requirements.

The First technology which is of interest is that associated with the move-

ment of the recording medium by means of a transport mechanism. The two primary con=
siderations are the precision and the step-and=settle time associated with the asynchronous
advance mechanism. It is assumed that a transport of this type would be used with a

¢ cathode-ray tube, laser-galvanometer or high speed multifaceted mirror laser beam
recorder.  Experience indicates that 9-inch wide film can be moved reliably and
repeatably by pulsed stepping motors and appropriate gear mechanisms at rates between

% 100 and 200 iines per second or between 5 and 10 milliseconds for stepping and settling. i
The precision with which film can be stepped, assuming the use of a capstan prime mover

and recording on the capstan, is compatible with a scan density of about 2000 lines per

g inch. This implies a placement accuracy which is some fraction of the 0.5 mil line separa-

" tion distance. Figure 3.4 shows the two limits imposed by stepped mode film transport

i technology. As discussed in Paragraph 3.1.3, scan densities between 400 and 2000 lines

per inch for the three terminal configurations are of primary concern. Between these

bounds, current film transport technology will support the primary link requirements of

32 kb/s with 20:1 data compression and 1.5 Mb/s without data compression. At higher

system data rates (such as the upper curve of Figure 3.4), the film transport technology s

able to support the link rate only at scan densities of between 1000 and 2000 lines/inch.

But even In this region, the technc'ogy is being pushed to near practical limits. To avold

operation near the edge of this technoiogy requires a detailed trade-off analysls of the
cost of extra buffering, synchronous film motion or alternative optical scanning techniques

which is beyond both the requirements and scope of this study.

L
)

Figure 3.5 shows the limitations of current recording and scanning tech-

nology which uses a laser as the light source in conjunction with a scanaing mirror driven

by a moving coil galvanometer. This technoiogy has been recently developed for
military applications in the Tactical Digital Facsimile (TDF) and for commercial applica-
tions such os the Harris Laserfax and Associated Press Laserphoto equipment. This
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Figure 3.4. Film Transport Limitations

equipment commonly operates with 3M dry silver paper and film which is discussed in
Paragraph 3.1.4. Experience with this type of equipment indicates that performance is
limited in both dimensions by gclvanometer constraints. To some extent speed limit and
scan density limit are interdependent. The upper bot;nd on galvanometer speed is set at
about 50 scan lines per second for mirror sizes which are large enough to support medium
readability imagery. The value of 50 scans per second assumes that a unidirectional scan
is used and that about two milliseconds are used forretrace and settling. An approach
using bidirectional scanning could improve the scan rate by a factor of two, but such an
approach complicates the data buffering and adds timing complexity by requiring line-
to-line phasing synchronization signals. The primary limitation on precision appears to

be along-scan and cross-scan jitter of the galvanometer scanner. This limitation is set
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Figure 3.5. Laser-Galvanometer and CRT Performance Limitation

at about 500 scan lines per inch with selected galvanometers. The result of these two
limitations relegates the basic laser-galvanometer approach to a region containing
medium readability imagery. In low readability applications (say at 200 lpi), the speed
limitation of the galvanometer scanner precludes filling a 32 kb/s link at 20:1 data

compressior:.

Although the inherent limitations of the galvanometer restrict its current
usage to medium readability imagery, evidence indicates that the scan density limitation
can be at least doubled by using supplementary optics to compensate for mechanical
uncertainties. In the along-scan direction, a precision ruling to clock data out from the

buffer on the basis of laser beam position could be used rather than galvo signal. In the
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cross direction, minor cross track correctiors could be made using standard acousto-

optical beam deflectors. Obviuusly, such an approach adds complexity and cost to a

basically low cost device but it should be considered for future laser-galvanometer
investigation and extends operation into the HR region. At 400 lines per inch, the
scanning speed required is well within the physical limitation of the galvanometer so thot
2 32 kb/s link can be filled at 20:1 compression.

The cathode-ray tube has been used as o standard image recording device
for many years and will continue to provide adequate performance in limited areas for the
foreseeable future. However, it appears that during the next 5 years, CRT technology
will give way to laser scanning techniques. In terms of resolutior), the CRT is limited to
the medium and high readability groups. Although scan density on the CRT faceplate can
be increased by image demagnifications, this method is generally limitod by the finite

time-bondwidth product of the CRT, Although new phosphor deposition techniques may

e g

improve CRT image quality, only marginal gains may be anticipated. Experience with

several CRT image recorders indicates an upper limit for reliable trouble~free operation
!4 of somewhat in excess of 5000 pixels across the tube face which, for a 9 inch image, .
} . corresponds to about 600 rixels per inch. This places the CRT resolution limit at the low 5
end of the high readability group. The speed limitation for CRT recorders is o somewhat f

complicated function which is dependent upon the recording medium, the brightness of the
CRT trace and the optical speed of the imaging optics. The actual sweep speed of the
| CRT trace, typically measured in microseconds per line, for exceeds the inherent scanning

| limitations of o laser~gal vanometer approach for identical scan density. Figure 3.5 shows

the limitation for CRT performance. P

A drum recorder/scanner approach is significantly cifferent from the tech-

i nology discussed previously. In place of moving film, a fixed recording frame attached

to a rotating drum is exposed by physically moving a light source carriage along the

length of the drym. Although a drum recorder/scanner generally offers some definite

cost/performance advantages, it may ‘equire o compromise in operational flexibility.
Some methods for overcoming these constraints are indicated in Paragraph 3.2.3. Figure

3.6 shows the speed and resolution limitation for standard drum recorder/scanner
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Figure 3.6. Drum and LBR Performance Limitations
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~implementation. The resolution limit for a drum recorder/scannef is determined primarily

by the precision with which the mechanical components (e.g., lead screws, drum surface,

bearings) are fabricated and assembled. Resolution well up into the photointerpretable

region and approaching 10,000 scan lines are possible using the best technology avail-

able. For purposes of this study, it is clear that achieving 2000 scan line per inch

resolution is easily realizable for drum recorder/scanner technology. The speed limita-

tion for drum recorder/scanner technology is determined by two factors: the speed with

which the recording carriage can be stepped to the next line and the rotation rate of

the drum. The centrifugal force on the film is a function of the square of the drum

rotation rate which, at high speed, may require unusual techniques to keep the film on
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the drum surface. Although means are avallable for circumventing these problems, an

upper limit for drum rotation rate at 6,000 r/min for a 9 inch circumference will be set,

which corresponds to 100 scan lines per second. Step ond settle times associated with the
carriage are put at between 5 and 10 milliseconds which results in a total scon rate limi-
tation of typically 50 scan lines per second. These values are plotted in Figure 3.6 ond
show that both the 32 kb/s and 1.5 Mb/s links can be filled using drum recorder techno-
logy. The most severe speed constraint would occur for a medium readability drum
recorder/scanner operating at 400 scan !ines per inch. A lower rotation ond stepping
rate Is required for Pl quality (2000 scan lines per inch) operating over a 1.5 Mb/s link

without compression than is required for MR imagery.

The high performance recording devices commonly referred to as laser beam

S I

recorders generally consist of a laser, high=speed multi-faceted mirror spinner beam
deflector, focussing optics and a means for moving the recording medium. Two different
approaches are commonly used to implement the laser beam recorder: one which uses o

complex lens to produce 20,000 or more we!! resolved spots on a flat field platen (capstan),
and another which uses less complex optical componentry and records on a curved
platen. Kesolution of these recorders is determined by optical and mechanical comgo~ %
nents which con be readily configured to achieve 2000 scan line/inch Pl quality and ‘*
greater. The speed of the multifaceted mirror spinner is determined by the precision of
the assembly. Speeds of 10,000 scan |ines per second have been achieved in both ground
and airborne recorders. The speed limitation of these recorders, assuming asynchronous

operation, is determined by the film transport mechonism.

The speed and resolution limitations of the laser beam recorder are plotted
in Figure 3.6. This technology, which is expensive, clearly meets all of the link
requirements including the desire to support a 1.5 Mb/s link with 5.5:1 data reduction. 3
Laser beam recording technology is the most suitable technology only for applications '
which require both high performance and high speed and where cost considerations are
less important than quality and image throughput.




3.1.3 Scan Density Selectior

In this section we examine several ways in which the scon density (lines per
inch) may be selected to meet the terminal readability and compatibility requirements.
The scan density ranges for readabllity groups and terminal canfigurations are:

Low Readability Less than 220 scan lines per inch
Medium Readability 220 to 430 scon lines per inch

f High Readability 430 to 1400 scan lines per inch

i Photo Interpretable More than 1400 scan line- per inch

i "8" Terminal 2000 scan lines per inch and lower
“C" Terminal 800-1000 scan |ines per inch and lower
"D" Tormlﬁol 300-500 scon lines per inch and lower

In oddition, an unstated requirement exists to be compatible with TDF
equipment which operates at scanning densities of 100, 150, and 200 lines per inch;
thereby satisfying the requirement for handling low readability imagery.

i The criteria used for selection of appropriate scan densities are highlighted
! below:

e  Operate at a scan density of at least 2000 lines per inch when record-
ing or scanning P! quality imagery.

e  Select scan densities for the terminal equipment which are related by
factors of two. This approach facilitates compatibiiity between ter-
minals. By selecting the scan densities as integral mulﬂplos of the
next lowest scan density, the functions required of the da*a processing
module for magnification or demagnification are simplified. An image
scanned ot a low scan density can be reproduced on a higher scan
density reproducer by repeating each sample the correct number of

times and repeating the resulting line the some numberof times. This
maintains a unity scale factor between the original and the reproduction.
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‘ . @ Minimize the number of different scan densities required to meet the t
' terminal readability requirements. A single scon density for each

readability range will be considered to be adequate.

Figure 3.7 shows the scan density selections for two of the most likely
options. The first option is derived by using the highest scan density requirement

OPTION | f—AN—— A 0 -

; OPTION 2 |—— A A A

A
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J}———O—-‘ “D" TERAMINAL
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&
k —® "8 TERMINAL |
; HR D @ P [ READABILITY GROUPS 4

2 Figure 3.7. Scon Density Selection Options

(2000 Ipi) and successively decreasing the valye by two, thereby producing scon densities
of 1000, 500, and 250 Ipi. (Note that 1000 and 500 Ipi fall within bounds set for the
"C" and "D" terminal, respectively .) Incompatibility arises at the lower end of the

' readability spectrum because this selection is not consistent with any of the TDF scan
1 densities.
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The secand option begins by selecting the highest TOF scon density
(200 1pi) ond successively increasing this by a factor of two; thereby producing 400, 800,
and 1600 Ipi scon densities which fall within the bounds set by the "D, " "C, " and "8"
terminals, respectively. To these scan densities we must add the capability to effect
transmission at 2000 Ipi. The effect is to make reception of 2000 Ipi imagery with unity
scale factor an equipment which operates at a basic scan density of either 800 or 1600 |pi
a difficult task which places unrealistically severe requirements on the data processing
equipment. It is believed that the requirement for operating at 2000 Ipi should be con-
strained to situations where communication is between "B" terminals only. When PI
quality imagery is ta be transmitted to either C or D terminals, it can be sconned at
1600 Ipi over the 32 kb/s link. We believe the option which operates at 200, 400, 800,
1600 and 2000 Ipi is the best choice ond meets all current readability requirements.
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3.1.4 Recording Media Considerations

The two candidate recording material: which are currently being used for

i image recording and will continue to be used in the FY 1980 time frome include con-
ventional wet processed silver halide film and 3M dry silver film and poper. Wet and
dry processed recording materials are commercially available in o wide variety of
characteristics fo meet the requirements of many applications. The leading domestic
manufacturer of wet processed recording material, Eastman Kodak, supplies silver halide
material on both a transparent film base and an opaque paper base. The 3M Company,
the leading rupplier of heat processed recording media, similarly supplies sensitized film

i ond paper.

At the present time, silver halide wet processed transparent film holds an

ST f T

unrivaled position in applications where the ultimate in imagery quality is desired. By

proper control of the recording and developing processes, exceptionally high resolution, !

T

uniform response and long tonal range can be achieved. It is readily available in a

variety of formulations which cover a broad spectrum of performance characteristics. For

R

the terminals under evaluation silver halide film is not the limiting performance factor.

e g

The price one pays for high quality is the inconvenience of handling and replenishing wet
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chemicals and the costs for maintaining operational processing equipment.

P

AR e

Heat processed dry silver film is in the early stoges of the development
cycle. Of the six commercially available films, two are specifically designed for imoge
recording: type 7859 for P-31 CRT exposure and type 7869 sensitized for peak response
corresponding to the helium-neon laser wavelength, Although the resolution ( >100 ~/

R kPR i

mm) and maximum density (>3.0D) are adequate to meet some requirements, this material
does not currently offer the same high degree of image uniformity, long scale range, and
archival keepingquality when compared to silver halide film. Dry silver film is current ly

about 25 percent more expensive than the combination of silver halide film, wet chemistry

e e e A T e s
PR

and chemistry mixing labor costs. These estimates are based on current GSA schedule

BT *33&&_%%@ %

prices for 200-foot film rolls and do not account for higher silver halide processor main=

tenance costs, downtime due to chemical spillage and less troublesome operation. One of

e AN 7
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the most significant recent developments regarding dry silver film is proyress on develop-

ing the so-called hard top coat or HTC films. The process has the primary advantage that

| the film can now be processed in the some heat processor used to develop the dry silver

i poper. Care must be taken to ensure exact control of the developing temperature fo
produce uniformly processed images. Experience indicates that platen temperature must
be controlled to within +0.5° C to achieve consistent results but that temperafure can
be regulated to achieve results which may be considered compatible with the low end of
the high readability performance group but not uniform enough to record PI quolity
imagery .

The situation with recording paper is somewhat different. In the past, a
silver halide based stobilization paper was used in most high quality photographic quality
recording applications. This paper produces high quality images but requires ¢ two-step
wet chemistry process to produce the image. We hove demonstrated that pictures of
equivalent quality can be produced at lower cost per image. This is due to the laser
techniques used to reproduce the image aond in part due to recent dramatic improvements
in the recording medio. Experience with focsimile equipment which operates ot the low
‘ end of the medium readability group indicotes thot the standard 7771 paper buse material
may be limiting the resolution of the product. Furthemore, a significont improvement in
readability can be achieved by using a still experimentol polyester base material. This
base material will be more costly but moy provide the difference between useable and
unuseable medium readability paper products scanned at 400 lines per inch,

One of the primory limitations of dry silver film and paper is the greater
susceptibility of these products to environmental conditions - especiolly excessive
temperature. This appears to be a limitotion only under extreme operationai conditions
involving tacticol missions. In this case, the care with which the recarding moteriol
must be stored is for outweighed by the operational convenience of o dry process. In
most situations, normal film handling procedures are odequote to preserve imoge quality.




st

T T e -

A detailed analysis of various wet and dry recording materials is beyond the
scope of this study and depends to a large extent on the specific design details of the
recorder. We can, however, moke some general obwervations regarding the applicability
of these materials to specific teminal configurations. Firstly, experience indicates that
only silver halide film is currently capable of meeting the general requirements of Pi

quality imogery. This condition is likely to remain so into the FY 1980 time frome.

High readability requirements recorded at 800 lines per inch can be satisfied
by both dry silver film and wet processed film. At the present time, the grey shade
reproduction of dry silver film is marginal for this readability group but we expect that
improvements will be made by the FY 1980 to improve the repeatability of the tonc! scale.
The medium readability requirements of 400 scan lines per inch are currently sotisfied by
dry silver film. It oppears that currently available dry silver paper and even the newer
polyester base opaque material is only marginally acceptable for medium readability
imogery. Even though no paper products are able to support the quality requirements,
they should be considered as an inexpensive means for obtaining minimally acceptable
opaque copy. Paper base copy is completely unacceptable for HR and Pi quality applica-
tions, Figure 3.8 shows the practical resolution limits for the four types of imaging
media which may be considered applicable to each readability group.

Finally, it is instructive to exomine the sensitivity of various recording
media to determine the omount of energy which is required to expose it. This evaluation

is aimed ot estimating o rough order of magnitude for the required power so it will not be

o O b i T St i kN BB N1 05 < e S o b LSRR 0 E

rigorous. A plot of scan rate versus scan density is ogain a useful one with which to
compare results. A useful parometer for recording images is the instontaneous area scan

rate measured in area per unit time. Whaen this is multiplied by recording medium sensi-

:
§

tivity and divided by optical efficiency, we arrive at value for laser power, i.e.,

o = (ASR) ()

L n
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Figure 3.8. Application Ronge for Recording Data

where PL is required laser power in watts
IASR is recording rate in inz/nc
«f is media sensitivity in wott-soc/inz, and T

N is opticol system efficiency.

If we restrict our discussion fo o standard 9 inch by 9 inch frame, it is possible to express
IASR in terms of scan rate, R, ond scan density, S, by:

IASR = 9 R/S

where R is the scon rate in lines per second ond

S is the scon density in lines per inch, !

Substituting for IASR and solving for R yields:
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Figure 3.9 shows this equatian platted for varicus values of laser power and 3M Brand
. Type 7869 Dry Silver Fiim.

We have used a sensitivity volue of 300 ergs/cm2 or 1.94
(10'4) won-soc/in2 for Type

7869 which is the least sensitive recording material under

consideration. A helium-neon laser has been chosen because of its high reliability ond

fow-noise choracteristics. An overall opticol efficiency of 5 percent is assumed.

The primary observotion regarding this calculation relates to the application
of dry silver film in the medium readability recorder which operates at 400 scan lines per
inch and ot about 30 scan lines per second to fill the 32 kb/s link ot 20:] dato compress~

ion, For these values, o laser power of only about 2 milliwoths s required

- a value
which is readily obtoinable

from o number of small and reliable commerciol lasers and is
typicol of the loser power currently used in commercial fa-

simile equipment, The general
conclusion one reaches

is that both recording medio and laser power requirements are well
within the state of the art for all terminal requirements.

In summary, both 3M Brond dry silver products and conventional wet
processed films will find applications in the various terminal configurations. The 3M

Brand dry silver film is recommended for ropid access to medium readability imagery
recorded at 400 Ipi.

We have showed that only low power lasers are required to expose
this material,

To preserve the overall resolution and image quality of high readability
ond Pl quality imagery, we recommend the use of conventional wet processed film,
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Figure 3.9. Recorder Laser Power Requirements
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3.2 Recorder/ Sconngr_ Condidates

The previous section discussed several technolagy factors associated with image
recording and scanning, and placed some bounds on the speed and resalutinn o'm:inoblo with
the technology. Using this informatian, some specific schemes are now examined for imple-
menting the image recorder/scanner in terms of terminal requirements. Condidctes include:
t+, loser-galvanometer types, (2) cathode ray tube (CRT) types, (3) drum recorder/scanners
and (4) laser beam recorders (LBR). It is believed that these four candidates, which now

doninate the medium and high quality imaging recarder/sconner market, will continue ta
do sa well beyond the FY 1980 time frame,

Specifically omitted are two candidote approaches wh. :h have either been
developed or are being developed for special applications. The first of these is electron
beam recorder (EBR) technology which iz capable of exceptionally high quality ond high
speed operation and actively competes with LBR technolagy. EBR has been omitted because
of the difficulty and cost associated with producing 9 inch by 13 inch images. Also,
the applications of LED or loser diode recorder/scanner have not been considered becouse
they do not currently provide any significont operational advantage over the ather candidate
technology and will find opplication in the marketplace only after recording .naterial
sensitivity is extended to longer wavelengths. It is expected that visible gas and ion
losers will be the preferred light saurce well into the FY 1980 time frome.

it is beyond the scope af this study ta provide o detailed second level design
analysis of the four candidate recorder/scanners . Rather, we evaluate top level design and
operatianol parameters and their impact on terminol perfarmance .

3.2.j Loser-Galvanometer Recorder/Scanner

In Paragraph 3.1.2 the laser-galvanometer (L/G) recorder/scanrer approach
wos categorized as one which is capable of supporting medium readability imagery. Sucess-
ful implementation and field service for commercial L/G technology has taken place over
the past few years by application ta the Associoted Press Laserphota wire service. The
TOF equipment currently under development also ues this technology but in the low recd-
ability region. The key elements of the L/G equipment are: (1) o laser, usually o low
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power helium-neon type; (2) a modulator to change the intensity of the light during the
recording process (.9., an acousto-optic modulator); (3) o galvanometer-mounted mirror

used to sweep |aser beam across the recording medium, (4) focussing optics to formea record-

ing spot and; (5) o mechanism for moving the recording medium past the scanned line.
Figure 3.10, as an example, shows the components which are used in the Hurris ESD pro~-

duct line of Laserfax equipment. This equipment is capable of operating in the lower

LOW POWER ‘ MIRROR
HE-NE LASER
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BEAM SPLITTER
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MIRROR = " | [

APERTURE
SCANNER PHOTODETECTOR (OPAQUES)

RECORDING MEDIUM TRANSPORT |

; lt SCANNER PHOTODETECTOR (TRANSPARENCIES) ;

Figure 3.10. Loser-Galvanometer Recorder/Scanner Components
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